The maximum of electromechanical activity, occuring at the tetragonal-rhombohedra1 phase boundary of Pb(Zr,Ti, -,)03 ceramics, which was generally believed to be due to a higher degree of domain alignment [I] , [2] , is considered in detail by 1. examining this assumption and 2. by discussing the origin of the maximum of electromechanical activity on the basis of the planar coupling factor k,. Because the piezoelectric effect is to be regarded as an electrostrictive phenomenon in these materials, k, is given approximately by PI :
Polarization and electrostriction. -Information about the degree of domain alignment was obtained by the simultaneous quasi-static measurement of polarization and electrostriction (resulting from 900 domain processes only) wile the specimen were poled. The results were analysed according to the model of Uchida and Ikeda [4] , enlarged by the relationship between the maximum applied electric field and the parameter of remanent 1800 domain orientation for Em, X 2 E,. This method was successfully tested on rhombohedral BaTiO, ceramics (with known P,), which exhibit a square loop hysteresis characteristic similar to that of the investigated materials.
For La-modified Pb(Zr,Ti, -,)03 ceramics, the results are summarised in figure 1, which shows the normalised amounts of 900 domain alignment and total domain alignment, y,, and y,,,, versus x. It is evident that there is no tendency for a maximum in domain orientation in the coexistence region [5] of the two phases. An estimate of the spontaneous polarization from P,, figure 2, and y,,, yields 60-65 pC/cm2 for tetragonal and 50-55 pC/cm2 for rhombohedral compositions (with some evidence, however, that the rhombohedral value is somewhat too low). 
The origin of the maximum in electromechanical
coupling. - Figure 2 shows the variation of P,, E T~ and l/sfl with x for plain and La-modified Pb(Zr,Ti,-,)03 ceramics ; only zT3 exhibits a maximum. Because the electrostrictive constants are cr true )> constants in the perovskites investigated, Q3, is assumed to be constant in a zero-order approximation when x passes through the phase boundary.
Calculating k p from P,, &T3 and l/sfI according to eq. (1) with oE = 0.3 and Q3, = -1.65 x lop2 m4/C2 and -1.5 x lo-' m4/C2 for plain and La-modified compositions, respectively, we obtain the response shown by dotted lines in figure 2. Apart from a systematic difference between the measured and calculated behaviour of k, (which can be shown to be due to a somewhat ,different Q, , in the tetragonal and rhombohedral phase [ 6 ] ) the characteristic features of the behaviour of kp are correctly described, and it is evident describes the interaction of the individual polarization components and, hence, according to the sign of t,,, favours the tetragonal or rhombohedral phase, respectively, t,, is assumed to depend critically -in the above sense -on c : t,, = tY2(c -c0) [6] , [7] .
3. As for the other coefficients, it is assumed that :
i. I x I, I tij P: 1, I cij P: I are of about equal order,
ii. x < 0 below To and iii. the overall 4 th and 6 th power term entering F of each phase is negative and positive, respectively. Explicit consideration of eq. (2) and (3) then reveals that the tetragonal-rhombohedra1 phase transition and the &-maximum correlated with it are correctly described. This is illustrated in figure 3 , which shows the qualitative behaviour of the free-energy and of the principal axis dielectric constants in arbitrary units versus c. According to c, Pis minimum for a tetragonal or rhombohedral distortion of the unit cell. At the transition, where 5,, passes through zero, the dielectric constant perpendicular to the polar axis shows a maximum. If a slight concentration dependence of x or Po, or the tendency of the Curie-transition to become of the second order for the mixed crystals, is taken into account, the principal features of the above result do not change. It may be remembered that an analogous phenomenon is known in ferromagnetism. When the direction of easy magnetisation changes from [loo] to [Ill] , e. g. in the Ni-Fe system, the crystal anisotropy constant K,, which nearly corresponds to 5,,, passes through zero and the permeability shows a maximum.
